Abstract Previous research has shown that stimuli rendered invisible through masking can be sufficiently processed to induce nonconscious influences and facilitate subsequent recognition. However, masking paradigms are methodologically restricted such that stimuli cannot be presented for longer than a few tens of milliseconds, potentially restricting the strength of nonconscious influences. By adapting a masked face repetition priming paradigm to a recent interocular suppression method, we investigated whether longer periods of invisible prime stimulation lead to larger nonconscious influences on subsequent recognition. Surprisingly, we found that while brief periods of invisible prime stimulation result in classical facilitation priming, long periods of invisible stimulation lead to negative priming influences, reflecting impairment of subsequent recognition. In contrast, when the prime was visible, longer exposure resulted in classical facilitation effects, revealing qualitative differences between conscious and nonconscious processes. Altogether, the present findings reveal the existence of a nonconscious overstimulation cost, as well as an important dissociation between conscious and nonconscious processing.
Introduction
To what extent can perceptual information be processed in the absence of awareness? Nowadays, while the existence of nonconscious processing is definitely accepted, the debate has shifted to its extent and limits (Kouider & Dehaene, 2007; Lin & He, 2009 ). Masked priming experiments, in which a prime stimulus is rendered invisible by the joint use of brief presentations (~50 ms) and backward masking, have been particularly helpful in demonstrating subliminal influences at behavioral and neural levels (Kouider & Dehaene, 2007; Marcel, 1983) . In this paradigm, the prime stimulus activates multiple representation levels, but its processing is interrupted by the mask prior to visual awareness. Importantly, this activation by the invisible prime provides a "head start" to the processing of subsequent visible targets, resulting in facilitation priming effects. By varying the relationship (e.g., physical, semantic, etc.) between the prime and the target, one can investigate the depth of nonconscious processing. However, masking has one considerable limitation: It cannot be used to create sustained periods of perceptual invisibility. Indeed, masking is effective only as long as stimulus duration does not exceed a few tens of milliseconds (~50 ms; see, e.g., Gelskov & Kouider, 2010) . Past evidence for restricted nonconscious influences might thus reflect methodological limits (i.e., short durations induce weak signals and, thus, weak influences), rather than theoretical constraints on the nature of nonconscious perceptual processes.
To overcome this practical limit, research has focused on alternative methods that offer longer periods of invisible Electronic supplementary material The online version of this article (doi:10.3758/s13414-011-0226-3) contains supplementary material, which is available to authorized users. stimulation, such as binocular rivalry (Tong, Meng, & Blake, 2006) . Rivalry reflects the fact that when two incompatible stimuli (e.g., a face and a house) are presented to an observer, one in each eye, they compete for perceptual awareness, which, as a result, oscillates between the two possible percepts. When one percept wins the competition, it is totally visible and then fully perceived by the observer, while the other percept is completely suppressed and, hence, rendered invisible for a few seconds. Nevertheless, perceptual switches in rivalry cannot be manipulated reliably (i.e., one cannot control the duration of invisible stimulation). Recently, an extension of rivalry termed continuous flash suppression (CFS) has been reported as a powerful method that can surmount both the limitations of visual masking and rivalry (Fang & He, 2005; Tsuchiya & Koch, 2005) . In CFS, a series of contour-rich, high-contrast patterns are continuously flashed to one eye at~10 Hz, profoundly and reliably suppressing salient visual information presented to the other eye (Tsuchiya, Koch, Gilroy, & Blake, 2006) . CFS offers an excellent control of timing (unlike rivalry) and can fully suppress an image presented for considerably long durations (unlike masking), thus potentially inducing stronger nonconscious influences on human behavior.
In the present study, we investigated this issue by studying the impact of sustained periods of invisibility and testing whether this indeed increases facilitatory nonconscious influences. To do so, we adapted a repetition face-priming paradigm previously used in the context of visual masking (Henson, Mouchlianitis, Matthews, & Kouider, 2008; Kouider, Eger, Dolan, & Henson, 2009) to the CFS method and tested whether invisible faces presented during a relatively long period might result in larger facilitation on subsequent target processing, in comparison with classical masked prime durations. Across six experiments, we showed that while relatively brief periods of subliminal stimulation (60 ms) result in classical facilitation effects, substantially longer periods (1,000 ms) actually lead to negative priming influences. Importantly, this overstimulation cost was specific to nonconscious perception, since conscious processing of the prime gave rise to facilitatory priming influences for both short and long durations. This nonconscious overstimulation cost reveals an important dissociation between conscious and nonconscious processing.
Method
Participants One hundred thirty-nine healthy right-handed university students from Paris (mean age, 23 years; range, 18-33) gave written informed consent to participate in the study for monetary compensation (22 in Experiment.1 18 in Experiment 2, 16 in Experiment 3, 42 in Experiment 4, 15 in Experiment 5, and 26 in Experiment 6). All participants were naïve as to the purpose of the experiment and had normal or corrected-to-normal vision.
Stimuli and apparatus Observers viewed the CRT display (1,280 × 1,024; 70 Hz) through an adjustable mirror stereoscope at a distance of 45 cm. A frame (8°× 6°), composed of black and white textured bars, was presented in each eye to facilitate binocular fusion. Each CFS pattern consisted of randomly generated forms of random colors and sizes. Face stimuli were grayscale pictures of a subset of 40 famous and 40 unknown faces (half male, half female) selected from a set used previously (de Gardelle, Charles, & Kouider, 2011; de Gardelle & Kouider, 2010) . All images were matched for average luminance and shape to preclude overall stimulus shape as a confound. Importantly, to avoid retinotopic overlap with target faces, the primes were scaled to be smaller (5.4°× 3.8°) than the targets (6.8°× 4.8°).
Procedure The experimental design was typical of subliminal priming procedures. Observers first participated in an experimental session to measure priming influences, and then underwent an additional session to assess prime visibility. The general experimental paradigm is represented in Fig. 1 . For each trial, a central cross was presented for 300 ms. Then CFS patterns (dominant) were flashed in one eye at a frequency of 8 Hz over 1,125 ms. The eye receiving the CFS patterns (left or right) was randomly determined for each trial. In the opposite eye, a prime stimulus (suppressed) was presented either during the last 1,000 ms (Fig. 1a) , or during the last 60 ms of the CFS period (Fig. 1b) . A monocular target was then presented for 700 ms, either in the suppressed eye (same-eye condition) or in the dominant eye (different-eye condition; in Experiments 1-3 only). Each face stimulus belonged to either a famous person (e.g., pop star, politician, etc.) or an unknown person. Observers were asked to gaze at central fixation and pay attention during the flashes in order to respond as quickly as possible whether the upcoming face was famous or unknown. Targets were either a repetition of the prime (primed condition) or a different face from the same (Experiment 2 only) or the opposite (Experiments 1, 3-6) fame category (unprimed condition). Importantly, the size of the prime stimulus was reduced to avoid a low-level locus of repetition priming due to visual prime-target overlap (de Gardelle et al., 2011; de Gardelle & Kouider, 2010; Kouider et al., 2009 ).
Prime visibility A prime visibility test (160 trials), in the form of a two-alternative forced choice discrimination task, was conducted immediately after the experimental session. Participants were informed about the presence of the first face during the CFS period. The procedure was identical to that in the experimental priming session, with the exception that instead of the target face, two different faces were presented: one corresponding to the prime, and the other to a different face from the same (Experiment 2 only) or the opposite (Experiments 1, 3-6) fame category. The prime was equally likely to appear on the left or right side. Observers were asked to indicate which one of these two faces was presented during the CFS period and were told that only accuracy, not response time (RT), was important. Performance on the prime visibility task was analyzed offline, and only the data of participants whose performance in the prime visibility test was below 60% were used in further analysis.
Analysis For the six experiments, median RTs were calculated for each observer after exclusion of errors and trials with RTs below 200 ms and above 1,400 ms (fewer than 5% of the trials were excluded in each experiment). The means of the individual median RTs are reported in subsequent analyses as mean average RTs. An omnibus, repeated measures ANOVA was followed by more focused 2 × 2 ANOVAs. Planned pairwise tests were used to assess reliability of the effects. All t-tests were two-tailed. Pearson's correlation coefficient was used for correlation tests.
Results
Three different factors were manipulated: priming (primed vs. unprimed), familiarity (famous vs. unknown), and prime-target ocular relation (same vs. different eye). However, since data for the different-eye condition did not reveal any priming effects in any of the experiments that included the different-eye condition (Experiments 1-3), we focus below on the analysis of the same-eye condition. Results of the different-eye condition are presented in the Supplemental Material (see Fig. S1 ) and will be addressed in the Discussion section. RTs for the same-eye condition are presented in Fig. 2 (see also the Supplemental Material, Table S1 , for a more detailed description of the results). Priming The goal of Experiment 1 was to investigate the existence of a repetition priming effect induced by long suppressed (1,000 ms), rather than brief masked, faces. While previous CFS studies have reported weak, but still measurable, stimulus-induced neural activity for suppressed faces (Jiang & He, 2006; Sterzer, Haynes, & Rees, 2008; Sterzer, Jalkanen, & Rees, 2009 ), the possibility of face Fig. 1 Basic experimental design. CFS patterns were flashed in the dominant eye for 1,125 ms while a prime stimulus was presented in the opposite (suppressed) eye for either 1,000 ms (a; long prime presentation) or 60 ms (b; short prime presentation). In Experiment 5, no CFS flashes were presented during the suppression period, resulting in visible prime presentation. Targets were either a repetition of the prime (primed) or a different face (unprimed). Importantly, the size of the primes was reduced, as compared with target sizes, to avoid low-level prime-target interactions. Monocular target and prime stimuli were presented either in the same eye or in different eyes repetition priming influences on subsequent processing has not been tested so far. A 2 × 2 ANOVA (primed vs. unprimed × famous vs. unknown) showed main effects of familiarity, F(1, 17) = 62, p < .001, and of priming, F(1, 17) = 18.5, p < .001, with a reliable familiarity × priming interaction, F(1, 17) = 12.3, p < .005. As is illustrated in Fig. 2a , priming influences were restricted to famous faces (unknown: p = .071). Surprisingly, this effect was not associated with shorter RTs but with longer RTs in the primed condition, indicating that the subliminal prime stimulation actually impaired, rather than facilitated, the processing of the target (M = −38.7 ms), t(17) = 4.7, p < .001. The observation of priming restricted to famous faces here is consistent with the masked priming literature (Kouider & Dehaene, 2007; Kouider et al., 2009 ) and supports the idea that familiar information enjoys an advantage when processed under conditions of interocular suppression (Jiang, Costello, & He, 2007) . We return to this idea in the Discussion section.
Prime visibility
In Experiment 2, we explored whether the counterintuitive negative priming observed in Experiment 1 resulted from prime-target interactions at the perceptual or, rather, at the motor response locus. Indeed, past studies in the masking literature have shown that negative priming can be the result of an automatic inhibitory mechanism that suppresses the response initiation induced by the prime (Eimer & Schlaghecken, 2003; Sumner, Tsai, Yu, & Nachev, 2006) . In these studies, overlearned stimulusresponse associations (e.g., left-hand responses for leftarrow stimuli) can be induced even for masked and brief stimuli, resulting in facilitatory priming when the prime and target are congruent (i.e., both corresponding to the same motor response). However, when the prime-target interval is increased, the partial motor activation initially induced by the prime is inhibited, resulting in negative priming (note that in these experiments, only the interval duration can be increased, while prime presentation can only be brief, due to the intrinsic limitations of masking described above). Since in Experiment 1, unrelated prime-target pairs were also from the opposite fame category (i.e., leading to the opposite motor response), it is possible that our finding reflects visuo-motor inhibition of the response associated to the prime. In Experiment 2, we specifically tested this hypothesis by using prime-target pairs belonging to the same category (i.e., associated with the same motor response) in both primed and unprimed conditions. For Fig. S1 ). ***p < .001, **p < .01,*p < .05. Error bars represent SEMs for RTs across participants instance, in the unprimed condition, the prime and the target corresponded to different faces but belonged to the same fame category and, thus, to the same response category. Any priming effect could not be attributed to priming of specific motor response (Abrams & Greenwald, 2000; Damian, 2001; Kouider & Dupoux, 2007) . As is presented in Fig. 2b , we found a main effect of priming, F(1, 15) = 5.4, p < .05, which again reflected reliable negative priming restricted to famous faces [famous, M = −26 ms, t (15) = 2.9, p < .01; unknown, p > .1], revealing that negative priming influences result from prime-target interactions at perceptual, rather than motor, levels.
In Experiment 3, we questioned whether the negative priming found in Experiments 1 and 2 resulted specifically from reliance on interocular suppression or, rather, from sustained periods of nonconscious stimulation. In the former case, priming would remain negative whatever the prime duration. In the later case, negative priming would result only from the relatively long presentation of the prime (1,000 ms), as compared with the brief presentations traditionally used in masked priming experiments. In order to address this issue, we used exactly the same procedure as in Experiment 1, with the only exception that the prime duration was now reduced to 60 ms. Interestingly, as is depicted in Fig. 2c , we found that the priming effect now turned into a positive effect [famous, M = +14.2 ms, t(15) = 2.34, p < .05; unknown, p > .1]. Thus, the negative priming effects observed in the previous experiments are directly related to the use of long periods of nonconscious prime stimulation.
Experiment 4 was aimed at confirming the detrimental effect of subliminal overstimulation on subsequent processing, by relying on a within-subjects design with long (1,000 ms, as in Experiment 1) versus short (60 ms, as in Experiment 3) prime durations. Prime duration conditions were blocked and the order was counterbalanced across observers (long followed by short and vice versa). From here, we restricted prime-target presentation to the same eye only. Importantly, this design also allowed us to examine the relationship between facilitatory and inhibitory effects on a participant-by-participant basis. Indeed, one possibility is that priming effects reflect the expression of two independent processes: a fast and transient facilitatory component, stronger at early phases of processing, and an inhibitory component that grows over time, resulting in a transition from positive to negative priming with increased stimulation duration. In this case, one would expect facilitatory and inhibitory effects to be additive and correlate on a participant-by-participant basis. Observers with stronger facilitation at short durations would show weaker inhibition at long durations. An alternative explanation is that there are two mechanisms that relate to each other such that stronger facilitation at early phases of processing intensifies the buildup of the inhibition component, resulting in stronger inhibition at long durations. In this case, one would expect that positive and negative priming effects anticorrelate: the stronger the facilitation at short durations, the stronger the inhibition at long durations.
We largely replicated both the positive and the negative priming effects for short and long prime presentations, respectively (Fig. 3a) . A 3 × 3 ANOVA revealed a robust interaction between priming and prime duration, F(1, 23) = 19.1, p < .001, as well as an interaction between familiarity, priming, and prime duration, F(1, 23) = 10.7, p < .005. For the short prime duration, we found that the main effect of priming, F(1, 23) = 5.2, p < .05, reflected positive priming [famous, M = +19.4 ms, t(23) = 2.5 p < .05; unknown, p > .1]. For the long prime duration, the main effect of priming, F(1, 23) = 25.7, p < .001, reflected negative priming [famous, M = −40.3 ms, t(23) = 5.4, p < .001; unknown, p > .1]. Note that we observed similar RTs for the unprimed condition for both short and long prime presentations, indicating that the prime specifically alters the processing of the target for repetitions. Furthermore, we observed a significant anticorrelation between the magnitude of individual priming at short and long prime durations (Fig. 3b) , r = −.44, t(23) = 2.3, p < .05. That is, given the same observer, stronger positive priming in the short prime duration condition was associated with stronger negative priming in the long prime duration condition, indicating that facilitatory and inhibitory processes are not independently expressed as a function of stimulation duration.
In Experiment 5, we conducted a supraliminal version of Experiment 4 to investigate the impact of perceptual awareness on the directionality of priming. Specifically, we were interested in whether the cost that results from relatively long periods of prime stimulation depends on whether the prime is consciously or nonconsciously perceived. The design was the same as in Experiment 4, except that no CFS flashes were presented, allowing the prime to be clearly visible under those conditions. A 3 × 3 ANOVA revealed a robust interaction between priming and prime duration, F(1, 14) = 15.6, p < .005, and between familiarity and priming, F(1, 14) = 15.6, p < .005, as well as an interaction between familiarity, priming, and prime duration, F(1, 14) = 18.7, p < .001. As in the previous experiments, we found (Fig. 3c) that the brief presentation of the prime resulted in a positive priming effect [famous: M = +51 ms, t(14) = 4.64, p < .001]. More important, the relatively long presentation of the prime was now associated with a large positive priming effect [famous: M = +171 ms, t(14) = 8.15, p < .001]. In addition, priming effects were also observed for unknown faces [short duration, M = +31 ms, t(14) = 4.1, p < .005; long duration, M = +58 ms, t(14) = 3.93, p < .005]. These results suggest important qualitative differences in the processing of visual information in the presence or absence of awareness (Fig. 3d) .
One could argue, however, that because prime stimuli were made visible by removing the CFS flashes, the dissociation between conscious and nonconscious processing was due not to prime visibility per se, but to the presence or absence of interocular competition. To confirm the crucial role of prime visibility, we conducted an additional analysis of the data from Experiment 4, including participants previously rejected on the basis of their performance on the prime visibility test (see the Method section). Interestingly, for the long prime condition, we found a positive correlation between priming and prime visibility, with individual priming effects going from negative to positive with prime visibility (Fig. 4a ; r = .60, p < .001; yintercept = −30 ms, p < .001). No correlation between priming and prime visibility was observed in the short prime condition ( Fig. 4a ; r = −.17 ms, p = .26; y-intercept = +14.8 ms, p < .001). Interestingly, an analysis restricted to observers able to perceive the prime in the long prime duration condition (performance above 70% in the prime visibility test) revealed a positive priming effect [ Fig. 4b ; famous, M = +28 ms, t(1, 7) = 2.5, p < .05; unknown, p > .1]. Altogether, our findings support a crucial role of prime visibility in the directionality of priming patterns, providing strong evidence that processing a stimulus with or without perceptual awareness can result in qualitatively different behavioral consequences.
Finally, in Experiment 6, we questioned whether the direction of priming was related to the duration of prime stimulation per se or to the stimulus onset asynchrony (SOA) between the prime and the target. Prime stimuli appeared 1,000 ms before the target (i.e., SOA similar to the long stimulation condition) but were presented for 60 ms (i.e., prime duration similar to the short stimulation condition). If the SOA determines the directionality of priming, we expected to observe negative priming influences. In contrast, if the direction of priming is determined by the prime duration, positive priming influences should be observed. As is shown in Fig. 5 , we found an interaction between familiarity and priming, F(1, 14) = 7.9, p < .05, reflecting a positive priming effect that was restricted to famous faces [famous, M = +11 ms, t(14) = 2.4, p < .05; unknown, p > .1]. This finding suggests that the duration of prime stimulation determines the pattern of priming observed.
Discussion
By combining two powerful approaches, the masked priming paradigm and the CFS method, we investigated whether long periods of invisible prime stimulation result in larger nonconscious influences than with the brief prime durations usually employed in masking studies. While brief presentations of invisible primes resulted in classical facilitation effects, long periods led to negative priming effects. Interestingly, for relatively long periods of prime stimulation, we found a relationship between prime visibility (invisible vs. visible) and the directionality of priming (negative vs. positive), going from negative to positive influences with increasing levels of prime visibility. Taken together, our results reveal that stimulus processing in the presence or absence of perceptual awareness can lead to qualitatively different behavioral consequences.
Increased invisible stimulation reverses priming influences
While brief masked prime stimuli usually facilitate subsequent processing, some studies have reported evidence of negative priming effects, reflecting costs on compatible trials (Eimer & Schlaghecken, 2003; Sumner et al., 2006) . The interval between the prime and the target has been suggested to be determinant in the transition from positive to negative priming (Sumner, 2007) . With short primetarget intervals (<100 ms), facilitation occurs on compatible trials, but when the interval becomes longer, negative priming effects are observed. Our results suggest, however, that the duration of invisible prime stimulation, rather than the SOA between the prime and the target, is what determines the pattern of priming observed. Wentura and Frings (2005) reported a similar pattern of priming, using a different methodology. In their paradigm, a masked prime word was repeatedly flashed. By varying the number of repetitions of the masked prime, they were able to present the primes nonconsciouly for as long as a second. Similar to our findings, several repetitions of the masked prime led to negative priming influences. An important distinction from our study is that, in their paradigm, the masked primes were not continuously presented. Therefore, it was unclear whether the negative priming effects were the consequence of longer invisible prime stimulation or just the effects of prime repetition. The use of the CFS technique allowed us to identify the prime stimulation duration as the key determinant of the transition from positive to negative nonconscious repetition priming.
Negative effects were originally interpreted as resulting from automatic self-inhibition mechanisms that suppress the initial prime-induced response activation (Eimer & Schlaghecken, 2003) . The persistence of our effect using congruent prime-target pairs (Experiment 2) rejects an interpretation in terms of motor response inhibition and suggests that the transition from positive to negative priming with prime duration reflects perceptual interactions between the prime and the target. An alternative theory, the object-updating account (Lleras & Enns, 2004 , has been proposed to take into account both motor and nonmotor negative priming evidence. According to this theory, perception reflects an update of what is new in the display. Long periods of prime stimulation make subsequent targets that are similar to the prime less salient, leading to negative priming effects.
In line with the object-updating theory, Huber and colleagues (Huber & O'Reilly, 2003; Huber, Shiffrin, Lyle, & Ruys, 2001 ) have developed a neural habituation priming model to explain the change from positive to negative priming with increasing prime duration. This model is based on the idea that perception emphasizes new against old information. Representations associated with the prime are quickly activated at prime onset but become less relevant with time, due to inhibitory mechanisms that automatically reduce the influence of recent information over time. Thus, while repeated targets presented after brief stimulation periods are facilitated by residual prime-onset activation, longer periods of stimulation impair subsequent recognition. A considerable advantage of this model is that it is based on neurophysiological mechanisms that are well understood. Single-unit recordings have shown that prime onset induces a fast peak activation of the neurons representing prime information that can give a head start to subsequent processing. However, following the rapid onset activation, neural activity falls off to a low asymptotic level despite constant stimulation. This rise-and-fall activation pattern has been proposed to result from short-term habituation mechanisms that correspond to the progressive depletion of synaptic resources with sustained stimulation (Abbott, Varela, Sen, & Nelson, 1997) . While reflecting a cost (negative priming) under certain circumstances, habituation mechanisms are generally beneficial for our perception, serving to reduce source confusion from recent stimulations (Huber, 2008) .
Although this model has been developed to explain priming effects obtained using clearly visible primes, similar mechanisms could explain the change from positive to negative priming with subliminal stimulation. Indeed, neural habituation is ubiquitous in neural processing and is considered to be an automatic mechanism triggered by the prior activity of the neuron (Abbott et al., 1997; Huber & O'Reilly, 2003) . Thus, activations induced by subliminal stimulation should result in early peak onset responses that are attenuated via habituation, resulting in a transition from positive to negative priming with increasing stimulation duration.
Our findings mirror a number of examples where processing is inhibited by prior stimuli presented for long durations but is facilitated by brief ones. For instance, previewing one half-image of a binocular rivalry pair generally results in its suppression when the other half is added, a classical phenomenon called flash suppression (Wolfe, 1984) . A recent study (Brascamp, Knapen, Kanai, van Ee, & van den Berg, 2007) showed that under certain circumstances, previewing an image can facilitate its initial dominance upon rivalry presentation, a phenomenon called flash facilitation. Interestingly, they demonstrated that previewing an image will lead to facilitation or suppression depending on the duration of the prior stimulus. Similar to our results, they found that brief prior stimuli facilitate, whereas long prior stimuli suppress. Such antagonism between long and short prior stimulation on subsequent perception might be a general feature. For instance, perceptual history has been shown to influence subsequent ambiguous perception on different time scales Kornmeier, Hein, & Bach, 2009; Pearson & Brascamp, 2008) .
Increased invisible stimulation reveals a dissociation between conscious and nonconscious processing An ongoing debate in the negative priming literature concerns the causal role of prime visibility in the directionality of priming (Sumner, 2007) . Although changes from positive to negative priming are not always related to prime visibility, many studies have reported a relationship between the level of prime visibility and the direction of priming, with awareness generally moderating negative priming (Eimer & Schlaghecken, 2003; Sumner et al., 2006) . Our data support a causal role of prime visibility in the transition from positive to negative priming. Indeed, while brief periods of prime stimulation resulted in positive priming effects regardless of prime awareness, long stimulation periods revealed qualitatively different effects for visible (facilitation) and invisible (impairment) prime stimuli. Perceptual awareness of the prime might lead to stronger and sustained activation that overcomes the inhibition processes and continues to facilitate subsequent perception for longer periods than with invisible primes. A recent study that investigated conscious repetition face priming while manipulating prime duration closely parallels our results (Rieth & Huber, 2010) . In this study, brief prime durations produced positive priming, whereas long prime durations led to negative influences. This finding suggests that an overstimulation cost should have also been observed with visible primes (Experiment 5), using longer prime durations. Thus, visual awareness seems to delay the transition from positive to negative priming. Although short-term habituation is considered to be automatic, flexible strategic modulations associated with conscious prime representations might result in qualitatively different neural dynamics. Habituation occurs at many levels of perceptual representation, with lower levels of processing activated and habituated more quickly than higher levels of representation (Carandini, Heeger, & Senn, 2002; Huber & O'Reilly, 2003; Huber et al., 2001 ).
The locus of repetition priming under interocular suppression One might argue that our results reflect lowlevel visual, rather than face-specific, repetition priming. Yet prime stimuli were all reduced in size to avoid retinotopic overlap with target stimuli, ruling out low-level explanations. Indeed, scale-invariant interactions between face stimuli have been reported to reflect interactions at the level of face-selective areas (Eger, Schyns, & Kleinschmidt, 2004) , such as the fusiform face area (FFA; Kanwisher & Yovel, 2006) . More important, we found that only famous faces elicit nonconscious priming. This aspect of our results suggests that nonconscious priming influences arises only when the invisible prime triggers some preexisting target face representations. Alternatively, the absence of a priming effect with unknown faces might be due to the fame judgment task we used. In the primed condition (in which the target is the same as the prime), the preexposure to the unknown prime might have induced a feeling of familiarity of the target that would have interfered with the fame judgment task (Jacoby, Kelley, Brown, & Jasechko, 1989) .
While it is largely accepted that lower levels of processing (e.g., motor response, low-level features, etc.) do not require awareness, the existence of high-level processing along the ventral stream (e.g., categoryspecific, semantic processing, etc.) under interocular suppression is currently subject to debate (Lin & He, 2009; Tong et al., 2006) . For instance, Fang and He (2005) reported category-specific responses for invisible manipulable tool-like objects in dorsal cortical areas, but not for invisible faces that are represented in ventral areas. Following up on this observation, a recent CFS study (Almeida, Mahon, Nakayama, & Caramazza, 2008) showed category-specific priming for invisible tools, but not for other categories (i.e., vehicles and animals) that involve ventral regions. However, recent studies have shown that residual information might also reach high-level stages of the ventral stream. For instance, responses to invisible neutral faces, as compared with visual patterns matched for low-level similarity, were still measurable in the FFA, albeit much reduced under CFS (Jiang & He, 2006) . There is also evidence of category-specific processing of suppressed faces in the FFA, using more sensitive analysis methods based on multivariate pattern classification (Sterzer et al., 2008) . In addition, adaptation to suppressed face stimuli appears to strongly depend on spatial attention (Shin, Stolte, & Chong, 2009; Yang, Hong, & Blake, 2010) .
On the one hand, the repetition priming effects observed in our study might not be face specific but, rather, the consequences of size-invariant repetition priming (Eddy & Holcomb, 2009; Vuilleumier, Henson, Driver, & Dolan, 2002) . On the other hand, it is possible that our effects are face specific, since residual information seems to be able to reach face-specific regions despite interocular suppression. Again, the specificity of our effects to famous faces suggests that preexisting face representations are necessary but could also be explained by the fame judgment task used. Further work (e.g., using neuroimaging methods) is needed in order to determine whether the repetition priming effects observed in the present study are specific to faces.
Another important aspect of our results regards the restriction of subliminal influences to prime-target stimuli presented in the same eye. Such a high degree of ocular specificity might reflect an early locus of priming (i.e., monocular neurons in LGN and V1). However, if priming influences were indeed the consequence of low-level interactions at monocular stages, repetition effects should have been observed whatever the fame category was, which was not the case here. In addition, the RTs were globally faster in the different-eye condition than in the same-eye condition, regardless of the priming condition. This cost might be due to reduced sensitivity to the monocular target in the previously suppressed eye (i.e., same-eye condition), as compared with the previously dominant eye (i.e., different-eye condition). Sensitivity to monocular test stimulus has been shown to be reduced when presented to the eye that was previously suppressed (Freeman & Li, 2009 ). Such differences in sensitivity between the suppressed and the dominant eyes might have interfered with the nonconscious priming influences in the different-eye condition. Note that previous CFS studies have generally presented stimuli either in both eyes or in the same eye as the suppressed stimuli. Therefore, previous subliminal findings might have also been restricted to the suppressed eye. For instance, a recent CFS study has reported reward reinforcement learning of invisible stimuli restricted to the suppressed eye-that is, without transfer across eyes (Seitz, Kim, & Watanabe, 2009) . In sum, the high degree of ocular specificity observed in our study (and potentially in others) could be intrinsic to the use of interocular suppression methods.
Finally, we should stress that the nonconscious overstimulation cost reported in this study is, by contrast, not specific to the use of interocular suppression methods. Indeed, in parallel to the present study, we used a novel method called gaze-contingent crowding Kouider, Berthet, & Faivre, 2011) to similarly address the question of how stimulation duration shapes priming and habituation effects as a function of awareness (Faivre & Kouider, in press) . In this study, participants had to classify the orientation of a tilted grating (i.e., a Gabor patch) presented in the periphery. This target stimulus was preceded by another oriented grating that served as a prime and for which the orientation could be rendered nonconscious (i.e., nondiscriminable) by the joint use of crowding (i.e., the prime stimulus was surrounded by flankers) and gaze-contingent control through highresolution eye tracking (i.e., the prime stimulus was removed whenever the participant attempted to stare at it). Priming was measured by comparing prime-target pairs with the same orientation versus prime-target pairs with different orientations, while the prime orientation was either discriminable or nondiscriminable. As in the present study, we found a nonconscious overstimulation cost with positive priming when stimulating for relatively short durations (i.e., 200 ms) and, conversely, negative priming when stimulating for longer durations (i.e., 1,000 ms). In addition, this biphasic pattern was observed even when the prime and target stimuli were presented in contrast counterphase, ruling out a purely low-level interpretation. It is of note, however, that the impact of stimulus awareness differed across the two studies. While conscious perception of the prime in the present CFS study led to a full reversal of the priming pattern, with now a large facilitation for visible long-lasting faces (see Fig. 4d ), rendering the long-lasting gratings visible also canceled the negative effect, but priming remained weaker than with short visible stimuli (see Faivre & Kouider, in press , for futher discussions on how stimulus awareness delays adaptation and transforms rise-and-reverse priming into rise-and-fall positive priming patterns). Although the exact mechanisms underlying the interaction between stimulation duration and perceptual awareness remain to be elucidated, both studies converge in demonstrating an overstimulation cost under conditions of invisibility.
Conclusion
By comparing brief versus long periods of subliminal stimulation, we brought to light a surprising biphasic pattern of priming: While brief processing of invisible information facilitates subsequent processing, longer subliminal stimulation actually impairs it, leading to what we have termed a nonconscious overstimulation cost. Such transition from positive to negative priming with increased stimulation duration might be explained in terms of habituation, a ubiquitous mechanism used to parse perceptual events and avoid source confusion. Overall, our results reveal that processing with or without perceptual awareness can lead to qualitatively different consequences with increasing stimulation duration.
